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Abstract
We present γ-ray spectra for a set of Type Ia supernovae models. Our study is based
on a detailed Monte Carlo transport scheme for both spherical and full 3-D geome-
tries. Classical and new challenges of the γ ray astronomy are addressed. We find
that γ-rays are very suitable to reveal the structure of the envelope and, thus, they
allow to probe properties of the nuclear burning front and the progenitor, namely
its central density and global asphericities. The potential problems are discussed
for the quantitative comparison between theoretical and observed line fluxes during
the first few months after the explosion.
1 Introduction
γ-ray observations have long been recognized as a potential, valuable tool for
supernovae research (Clayton, Colgate & Fishman, 1969; Ambwani & Suther-
land, 1988; Chan & Lingenfelter, 1991). Only γ-rays provide a direct link to
the Ni distribution which hardly depends on details of the physics and on the
numerical treatment. Different scenarios can be distinguished by line fluxes
and profiles, the structure of the progenitors can be probed, and the time of
the explosion can be determined. γ-rays can provide a good determination of
the 56Ni production for nearby SNe Ia because, nowadays, accurate distances
of nearby galaxies can be obtained by δCeph. Moreover, all sky surveys by
γ-rays may provide an unbiased rate of SNe Ia. As we will discuss below,
advances in the fields of optical and IR observations and of the theory have
helped to redefine the goals of SN research by γ-rays. New challenges emerged
which emphasize their central role as probes for the 3-D structure of SNe Ia.
The results presented are based on our gamma-ray codes 1 for spherical
(Ho¨flich, Mu¨ller & Khokhlov , 1992) and arbitrary 3-D geometries (Ho¨flich &
1 available on request
Preprint submitted to Elsevier Preprint 5 October 2001
Fig. 1. Comparison of a typical delayed detonation model (DD201) with a he-
lium triggered Sub-Chandrasekhar model (HeD10) (from Ho¨flich, Wheeler J.C.,
Khokhlov (1998a)). The dashed lines correspond to the contribution of 56Ni.
Lee , 2001). We assume homologous expansion of density and chemical struc-
tures calculated by spherical and 3-D hydro simulations. All nuclear decay
lines of 56Ni and 56Co are included. Pair production and bound-free opacities
are taken into account.
2 Classical and New Challenges
Classical questions and problems: In parts, this section is based on our
previous analyses (Ho¨flich, Mu¨ller & Khokhlov , 1992; Ho¨flich, Wheeler J.C.,
Khokhlov, 1998a). For further discussions, we also want to refer to Burrows et
al. (1991),Kumagai & Nomoto (1997) and Pinto, Eastman & Rogers (2001).
Overall, γ spectra and their evolution is characterized by a turnover from
a phase dominated by 56Ni to 56Co lines (Fig. 1). The time of the explosion
can be determined by the ratio between the 56Ni(0.81MeV) and the 56Co(0.84
MeV) lines because it varies strongly with time of the explosion but it hardly
depends on the model. With time, the envelope becomes increasingly trans-
parent. The spectral evolution depends sensitively on the density and chemical
structure of the envelope and, thus, provides a valuable tool for the discrim-
ination of explosion models. For example, sub-Chandrasekhar mass models
show as a distinguishing feature an outer layer of 56Ni which reveals itself
by high γ-ray fluxes and broads already a few days after the explosion (Fig.
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Fig. 2. Influence of the central density on γ-ray spectra at the example
of a delayed-detonation model (Model 5p0z22.20 of Ho¨flich et al. 2001) for
ρc = 2, 4&6 × 10
9g cm−3 (top to bottom lines).
1). At late phases (≥100 days), the absolute line fluxes and profiles provide a
direct measure of the total 56Ni mass and its distribution. For MCh models,
the high densities close to the center (≥ 109g cm−3) result in the production
of neutron-rich iron-group isotopes rather than 56Ni. The size of this central
region increases with ρc. A knowledge of this property is critical to detect be-
cause systematic variations in ρc can produce an offset (up to 0.2
m, Domı´nguez,
Ho¨flich, & Straniero (2001)) in the brightness decline relation (Hamuy et al.,
1995), a cornerstone of modern cosmology with SNe Ia (e.g. Schmidt et al.
(1998); Perlmutter et al. (1999)). Optical and near IR-spectra do not allow
to distinguish isotopes. However, the lack of central 56Ni reveals itself in by
flat-topped line profiles (Fig. 2). To detect the variation, we need resolutions
between 20 to 30 which are well within reach for the upcoming INTEGRAL
mission.
We want to mention one problem related to the analysis of observed line
fluxes during the first months after the explosion. An advantage of γ-ray com-
pared to optical analyses is that the results are insensitive to details of the
physics or numerical treatment. E.g. the specific opacities do not depend on
temperature or density. This advantage is somewhat lost along the way when
comparing the observations with theoretical predictions. Problems are caused
by the time- and model-dependent line shifts and widths (≈ 10, 000km/s),
the intrinsic response function of the instrument which is non-Gaussian, and
they are connected to the actual definition used to determine integrated line
fluxes from synthetic spectra. The actual value may differ by up to a factor of
2 even if based on a given synthetic spectrum (e.g. Mu¨ller, Ho¨flich & Khokhlov
(1991)). Preferable, the same machinery should be employed for both the syn-
thetic spectra and the observations to derive accurate values or good upper
limits for the γ emission.
New challenges: During the last few years, observational and theoretical
methods in the field of SN-research advanced significantly well beyond the
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